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Lecture 40

• CMOS LNAs
• CMOS mixers

•Current Modulators
•Voltage Modulators
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Low Noise Amplifier Design

Desired Char .

• High Gain

• Low Noise Contribution (NF < 2.0dB)

• Input Impedance Matched to the Source Impedance
to reduce the effect of reflections.
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MOSFET LNA Design
Rs

VS

Rs

VS

4kTRs

gmVgs 4kT(2/3gm)Vgs

Model Assumes
1)
2)
3)

r g 0=
r o ∞=
Cgd 0=

NF 1
4kT 2 3gm⁄( )

4kT Rsgm
2

1 ω2
RsCgs( )2⁄+( )

2
-------------------------------------------------------------------------+=

Small Signal Model



Jacques C. Rudell,  UC Berkeley, lec40.fm. slide 4

where

Assumes :

Want

 Very High Power !

•  ratio lower as compared to other tech...
Bipolar, GaAs.

• CMOS has a lower  compared to other tech.
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Impedance Matching

Common Methods f or Impedance Matc hing
1) Resistive Termination
2) Series-Shunt FB
3) Inductor Degeneration

Resistive T ermination

Rs

VS Rm

      Best that can
                                              be done

F Rm Rs+( ) Rs⁄=

NF 10 2( )log 3dB= =
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Shunt-Series FB

R 1

R2

R3
Rin

• Broadband Amp.

• Tends to be Noisy

Table 1: LNAs using Series Shunt Feedback

Author Publication NF Carrier Freq. Power Technology

S.Sheng et al. ISSCC ‘96 7.0 dB 900 MHz 36 mW 1µm CMOS

N.Sheng et al. IEEEµwave letter 5.7 dB 1 GHz 115mW GaAs
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Inductor Degeneration
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Small Signal Model

• Want Z in to Match R s
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Now look at the eff ective transconductance (G m)
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Remember:
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Review of Series RLC Circuits
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Vout

Vin
-----------

1
jωC
-----------

jωL R
1

jωC
-----------+ +

--------------------------------------=

ω ωo≈

Vout

Vin
----------- Q=



Jacques C. Rudell,  UC Berkeley, lec40.fm. slide 13
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Low Noise Amplifier

Bondwire Inductors

On-Chip Spiral Inductors

Vbias

M1

M2

L1
L2

L3

Vin+ Vin-

Vout +Vout -

Ibias

• Narrowband tuned

• NF ~ 1
g

m1
-------------

1

Q2-------

3.3 v

L2 L3
L (nH) 0.8 6.5
Q@1.9GHz 4 3.7
fself  (GHz) 16 3.7

Measured Data
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Inductors in Silicon ICs
Aluminum Spirals Bond Wires

• L=1-10nH
• Q=4-8@2Ghz
• fself ~3-10Ghz

• L=1-5nH
• Q=20-40@2Ghz
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Alternatives for High-Q Resonators
in Si ICs

• Standard aluminum spirals of bond wires for
inductance

• Etched cavities for improved self-resonance

• Plated-up thick metal for higher Q inductors

• Micromachined structures for variable capacitors

• Compatible on-chip acoustic resonators, etc.
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Silicon-Etched Low-Cap Inductor
Structure

Abidi, et al
UCLA
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Silicon Etc hing in the UCLA T ransceiver
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CMOS Mixers

freq.

freq.

1
2
--- ωrf ωLO–( )tsin[

ωrf ωLO+( )tsin+ ]
VLO t( ) ωLOt( )sin=

Vrf t( ) ωrf t( )sin=

LNA

Issues in Mix er Design
• Conversion Gain
• Distortion
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Vrf t( )

VLO t( )

Review of Fourier Series
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Gm•Vin(t) -Gm•Vin(t)

RL RL

Simple Current Switc hing Mix er

Vin(t)

Vdd

Vrf t( )

Vrf t( )

VLO t( )

When switches are in one position:

Av Gm RL⋅=

gmRL

g– mRL

Represent the LO
with the following
waveform
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freq.

gmRL

g– mRL

VLO t( ) gmRL( ) 4
π
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k
-------------------------- kωLOt( )cos

k 1=

∞

∑⋅=

Vrf t( )

VLO t( )

Mixer
Output

freq. freq.

frf

fLO 2fLO 3fLO
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The conversion can be further approximated
in CMOS mixers by averaging the gain over
one period of the local oscillator.

where:  is bias condition of the
switches when in the balanced state(equal bias
current through all switches).

is the zero-to-peak voltage of the LO.

Av gmRL
2
π
--- 

  1
2 Vgs Vt–( )

sw

πVLO
--------------------------------------–

 
 
 

=

Vgs Vt–( )
sw

VLO
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Vlo

Vbias1

IBias

M1 M2

M8M7

M3
M4

Vocm

Vout

IGain ICM

M5 M6

M9 M10

CcompM14 M15
M13

M12 M11

M15 Vout

Vin Vin

Variab le Gain Active Mix er Cell

3.3 v
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Second Mix er Stage

LO 2_Q

IBias

M1 M2

M4

M11 M12
Common

Mode
Feedback

M8M7M5 M6

M3

IBias

M1 M2

M4

M8M7M5 M6

M3

RF Mixer

I Channel
Output

RF Mixer

Q Channel
Output

To Sallen & Key
Anti-Alias Filter

LO 2_I

6 Bit
DC

Offset
Current

DAC

6

Baseband
DSP Update

P+ diff.
Resistor

P+ diff.
Resistor

1kW1kW

2 pF

2 pF

2 pF

2 pF

28 pF

28 pF

2.4mA

66/0.6

100/0.6

100/0.6

416/0.6

100/0.6

66/0.6

100/0.6


